Introduction
Fibrous dysplasia is a benign process in which medullary bone is replaced by fibro-osseous tissue, resulting in architectural distortion and overgrowth of the affected bone. Fibrous dysplasia is thought to represent approximately 3% of all bone tumors. 1 The etiology of fibrous dysplasia remains unclear. Symptomatic patients usually present in the first 3 decades of life, and it is generally felt that most lesions stabilize after onset of puberty. 1, 2 Symptom presentation depends on the site of involvement, with craniofacial forms usually presenting as incidental findings or with symptoms due to neurovascular impingement or cosmetic deformity.
Radiographic findings in fibrous dysplasia are well described, with a typical "ground-glass" appearance on computed tomography (CT), with T1-weighted magnetic resonance imaging (MRI) showing low signal intensity, and with T2-weighted MRI signal intensity varying from high to intermediate to low based on cellularity, collagen, bone, and cyst content of the lesion. 1 Histologic findings include immature woven bone, rare or absent osteoblasts and osteoclasts, and variable fibroblasts. More specifically, three main histopathologic patterns of fibrous dysplasia have been described: (1) "Chinese writing" fibrous dysplasia, (2) pagetoid fibrous dysplasia, and (3) hypercellular fibrous dysplasia. [2] [3] [4] "Chinese writing" fibrous dysplasia is characterized by irregular bony trabeculae resembling Chinese characters separated by fibrous tissue, abundant Sharpey fibers (bundles of collagen oriented perpendicular to the bone surface), and stellate or retracted osteoblastic cells. [2] [3] [4] Pagetoid fibrous dysplasia is described as dense, sclerotic trabecular bone with associated Sharpey fibers and stellate/retracted osteoblasts. 3, 4 Hypercellular fibrous dysplasia is characterized by the presence of a significant amount of bone, similar to that seen in the pagetoid form, with a markedly ordered, often parallel, pattern of orientation of the present bone trabecullae. 3, 4 Fibrous dysplasia is also classified into four forms based on extent of involvement and associated findings: monostotic (isolated disease); polyostotic (multiple sites of involvement); Albright-McCuneSternberg syndrome (unilateral multiple sites of involvement with associated hyperpigmentation of skin, and endocrine dysfunction); and Mazabraud syndrome (multiple sites involving the appendicular
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Clival fibrous dysplasia: Case series and review of the literature skeleton with associated intramuscular or juxtamuscular myxomas). 5, 6 Although the monostotic form represents 70% of those affected, clival involvement in fibrous dysplasia is traditionally thought to be rare, particularly the monostotic form. 1, 2 Most cases involving the craniofacial region are located in the anterior cranial region, maxilla, mandible, sphenoid, and temporal bones. 2 We present findings of 4 cases involving patients with clival fibrous dysplasia. We also review the literature for further reports of fibrous dysplasia involving the clivus, to identify characteristic presentations and findings on imaging studies. The clinical course of fibrous dysplasia at the cranial base, including the clivus, may be less predictable than at other sites more commonly affected, and complications related to compression of neurovascular structures are a concern. 7 
Patients and methods
The study design was a retrospective chart review and review of the literature. After obtaining approval from the Institutional Review Board at both institutions, a chart review of patients presenting to the otolaryngology clinics at the University of Minnesota and Hennepin County Medical Center with a diagnosis of fibrous dysplasia involving the clivus (January 1, 2006, to January 31, 2008) was performed. The clinical presentation and imaging findings were reviewed. Additionally, a review of the literature regarding clival fibrous dysplasia was performed.
Results

Case 1.
A 31-year-old woman with no significant medical history presented with a 1-year history of headaches and blurred vision. An otolaryngologic examination was unremarkable. A CT scan revealed a lesion with a ground-glass appearance and expansion of the clivus (figure 1). MRI revealed hypodensity of the clivus on T1-and T2-weighted imaging (figure 2). The patient underwent transnasal endoscopic sphenoidotomy for diagnosis.
The patient received conservative symptomatic man-D agement consisting of medical management of her headaches. Neurologic and ophthalmologic examinations were unremarkable. Recommended follow-up consisted of periodic clinical visits for symptoms, and serial imaging.
Case 2. A 67-year-old woman with a medical history of hypertension presented with anosmia and congestion. An otolaryngologic examination revealed mild discoloration lateral to the right middle turbinate. The remainder of the examination was unremarkable. A CT scan revealed a ground-glass lesion and expansion of the clivus and the greater wing of the sphenoid and frontal bones. The patient was also noted to have a The patient's nasal congestion was not felt to be due to the lesions, and she was treated medically. Periodic clinical follow-up for symptoms was recommended, as well as serial imaging.
Case 3. A 55-year-old woman with no significant medical history presented with headaches. An otolaryngologic examination was unremarkable. A CT scan revealed a ground-glass lesion and expansion of the clivus, posterior sphenoid, and left pterygoid. MRI revealed hypodensity on T1-weighted imaging and isodensity on T2-weighted imaging.
The patient underwent transsphenoidal biopsy for diagnosis. Her headaches were managed medically, and serial follow-up and imaging were recommended.
Case 4. A 23-year-old man with no significant medical history presented with a 1-to 2-month complaint of nasal congestion and headache. He had a vague history of nasal surgery at an outside facility approximately 5 years earlier.
An otolaryngologic examination revealed a septal perforation and distortion of the lateral wall structures within the left nasal passage. CT revealed a ground-glass, expansile mass involving the clivus, right lamina papyracea, left inferior turbinate, sphenoid, superior orbit, and inferior orbital rim with partial obliteration of the maxillary sinus and complete obliteration of the middle turbinate and superior turbinate. T1-and T2-weighted MRI revealed hypodensity of the affected bone.
The patient underwent stealth-guided resection of the intranasal component of the lesion with a frontal sinus drill-out, orbital decompression, and maxillary antrostomy. Pathologic evaluation revealed benign bone and fibrous tissue consistent with fibrous dysplasia. The patient experienced complete resolution of symptoms postoperatively and was followed thereafter with serial examinations. His case was returned to the referring provider.
Discussion
Our findings on imaging of clival fibrous dysplasia are consistent with the characteristic findings of fibrous dysplasia involving other bones of the body. On CT scan, a ground-glass appearance was observed, with a hypointense lesion seen on T1-and T2-weighted MRI. In the English literature, there are 31 previously reported cases of fibrous dysplasia involving the clivus. 1, 2, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] There are 3 additional cases reported in the international literature. 18, 19, 22 With the addition of the current series, there is a total of 35 reported cases in the English literature and 38 reported cases internationally. The table summarizes the reported presenting symptoms and findings on imaging.
Available reported imaging findings were consistent with the findings of our series, and headache was the most common presenting symptom, both in our patients and in the previously reported cases. The mean age at diagnosis of female patients was 44 years, and the mean age of diagnosis of male patients was 35 years.
In our series, 75% of the patients went on to have histologic confirmation of fibrous dysplasia. One patient underwent partial resection for treatment of nasal obstruction symptoms. No patients required resection because of severe headache or cranial nerve symptoms. This is consistent with the largest series in the literature. In the series reported by Adada and AlMefty, 4 of 8 patients underwent confirmatory biopsy, but the authors concluded that the appearance was specific enough to permit establishment of a diagnosis without histology. 7 The differential diagnosis of clival lesions includes chordoma, chondrosarcoma and plasmacytoma, giant cell tumors, hemangiomas, lymphomas, carcinomas (including adenoid cystic or nasopharyngeal), metastasis, and Paget disease. These lesions can often be differentiated based on imaging characteristics alone. 7 We feel that an important consideration is that, in most cases, diagnosis can be made based on radiographic findings, reducing the need for invasive procedures for histologic confirmation.
In an asymptomatic or minimally symptomatic patient, management can be conservative, with repeat CT scans at 6-month to 1-year intervals depending on patient symptoms. Managing functional or cosmetic issues with surgery can be considered. Most functional issues are due to cranial nerve or vascular compression. Adada and Al-Mefty reported that most of their patients who presented with headache demonstrated extension of fibrous dysplasia to the occipital condyles, which explains the presenting symptom of headache pain. While pain may be associated with other lesions, characteristic CT findings of fibrous dysplasia, especially involving the occipital condyles, may obviate the need for additional workup. 7 
Conclusion
Although clival fibrous dysplasia has rarely been reported in the otolaryngology literature, it represents an entity that should be considered in the differential when one is evaluating patients presenting with headache, particularly those with characteristic radiographic findings. Based on our review of accumulating cases, clival involvement in monostotic fibrous dysplasia may not be as rare as previously perceived. The radiographic findings in the clivus that are classic for fibrous dysplasia include a ground-glass appearance on CT, a hypointense lesion on T1-weighted MRI, and variable intensity on T2-weighted MRI. Serial examination with repeat imaging may be employed in these patients.
